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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1 .1 7(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 
1 1/20/2009 has been entered. 



Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1 ) an application for patent, published under section 1 22(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351 (a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

Claims 1-3, 5-6, 9 and 11-12 are rejected under 35 U.S.C. 102(e) as being 
anticipated by U.S. Pub. No. 2002/0171077 to Chu et al. (Chu). 

Re Claim 1: Chu discloses a pixel cell for an image sensor, the pixel cell 
comprising: 

a photodiode (Fig 4A, area corresponding to electrodes 1 1) for generating charge 
in response to light and for amplifying the generated charge, the photodiode being 
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formed within a substrate (1) and below an upper surface thereof and comprising at 
least two of a first layer (35) having a first band gap (band gap corresponding to 
material of Sii- x Ge x ) and at least two of a second layer (36) having a second band gap 
(band gap corresponding to material of Sii- z Ge z ), 

wherein the first layers are alternated with the second layers, wherein the first 
layers are not in direct contact with one another and the second layers are not in direct 
contact with one another, and 

wherein the at least two first layers and the at least two second layers are 
configured to promote ionization by a first carrier type and suppress ionization by a 
second carrier type in the presence of an electric field (band gap energies are shown in 
Fig 4B and would create ionization and suppression of carriers) 

a gate (12) of a transistor (15) adjacent to the photodiode, the transistor for 
transferring the amplified charge from the photodiode; and 

a graded buffer layer (2) beneath a bottom layer of the photodiode. 

Re claim 2-3: Chu discloses the pixel cell as above wherein a difference 
between the conduction band energies of the first and at least second layer is greater 
than a difference between the valence band energies of the first and at least second 
layer and such that a difference between the valence band energies of the first and at 
least second layer is greater than a difference between the conduction band energies of 
the first and at least second layer (see Fig 4B). 

Re claims 5-6: Chu discloses the pixel cell as above wherein the at least two 
first layers and the at least two second layers are formed of a material selected from the 
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group consisting of Si, Si x Gei- x , Si x Gei- x C y , GaAs, GaAIAs, InP, InGaAs, or InGaAsP 
and wherein the first layer is Si and the second layer is SiGe (Si x Gei- x and Sh- z Ge z 
H0039). 

Re claim 9: Chu discloses the pixel cell as above wherein the first layer is 
SixGei-x and the second layer Si y Gei- y (Si x Gei- x and Sii- z Ge z H0039). 

Regarding claim 11, Chu discloses the pixel cell of claim 1 where at least a 
portion of the photodiode is at a level below a level of a top surface of the substrate (see 
Fig 4A). 

Re claim 12, Chu discloses the pixel cell as above, wherein the photodiode 
comprises approximately 10 to approximately 100 layers (8 shown in Fig 4A and 8 is 
considered as approximately 10). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 7-8, 10, 13 and 55 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Pub. No. 2002/0171077 to Chu et al. (Chu) in view of U.S. Pat. 
No. 5,818,322 to Tasumi. 
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Regarding claims 7-8, Chu discloses the pixel cell as above including wherein 
the photodiode comprises at least four layers of Si and at least four layers of SiGe 
(shown in Fig 4A). Chu fails to disclose wherein the layers of Si are doped to a first 
conductivity type and wherein the layers of SiGe are doped to a second conductivity 
type. 

Tasumi discloses where the layers of Si are doped to a first conductivity type and 
the layers of SiGe as taught by Tasumi are doped to a second conductivity type (col 5 
lines 66-67 and col 6 lines 1-32). It would have been obvious to one of ordinary skill in 
the art at the time the invention was made to have the layers of Si are doped to a first 
conductivity type and the layers of SiGe as taught by Tasumi in order to improve device 
characteristics, such as enhancing absorption and speed of the image sensor and 
reducing dark current. 

Regarding claims 10, Chu discloses the pixel cell as above. Chu fails to disclose 
where the first layer is Si x Gei- x C y and the second layer is Si x Ge y C z . Tasumi discloses 
the pixel cell where the first layer is Si x Gei- x C y and the second layer is Si x Ge y C z (col 3 
line 63). It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to have the first layer as Si x Gei- x C y and the second layer as 
Si x Ge y C z as in Tasumi in order to improve device characteristics, such as enhancing 
absorption and speed of the image sensor and reducing dark current. 

Regarding claim 13, Chu discloses the pixel cell as above. Chu fails to disclose 
wherein each of the layers have a thickness of approximately 50 - 300 angstroms. 
Tasumi discloses wherein each of the layers have a thickness of approximately 50- 300 
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angstroms (50 angstroms, col 6 line 24). It would have been obvious to one of ordinary 
skill in the art at the time the invention was made to use the thickness of the layers 
between 50 - 300 angstroms as in Tasumi in order to maximize the performance of the 
device such as reducing dark current. 

Re Claim 55: Chu discloses a pixel cell for an image sensor, the pixel cell 
comprising: 

a photodiode (Fig 4A, area corresponding to electrodes 1 1) for generating charge 
in response to light and for amplifying the generated charge, the photodiode being 
formed within a substrate (1) and below an upper surface thereof and comprising at 
least two of a first layer (35) having a first band gap (band gap corresponding to 
material of Sii. x Ge x ) and at least two of a second layer (36) having a second band gap 
(band gap corresponding to material of Sii- z Ge z ), 

wherein the first layers are alternated with the second layers, wherein the first 
layers are not in direct contact with one another and the second layers are not in direct 
contact with one another, and 

wherein the at least two first layers and the at least two second layers are 
configured to promote ionization by a first carrier type and suppress ionization by a 
second carrier type in the presence of an electric field (band gap energies are shown in 
Fig 4B and would create ionization and suppression of carriers) 

a gate (1 2) of a transistor (1 5) adjacent to the photodiode, the transistor for 
transferring the amplified charge from the photodiode. 
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Chu fails to disclose the photodiode being formed within a trench in the 
substrate. Tasumi teaches a photodiode in a trench (4) within a substrate (1). It would 
have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Chu to include the trench as taught by Tasumi in order to improve efficiency of 
the photodiode (see Tasumi abstract). 

Claim 15-22, 25, 27-32, 35-37 and 55 are rejected under 35 U.S.C. 103(a) as 

being unpatentable over U.S. Pub. No. 2002/0171077 to Chu et al. (Chu) in further view 
of U.S. Pat. No. 6,232,626 to Rhodes. 

Regarding claims 15, 16 and 17, discloses the pixel cell of claim 1 . Chu fails to 
disclose where there is a reset transistor for resetting the photodiode to a 
predetermined voltage, a floating diffusion region, where the transistor is a transfer 
transistor for transferring charge from the photodiode to the floating diffusion region and 
where the photodiode is part of a CMOS image sensor. Rhodes teaches a photodiode 
(Fig 5, 24, for example) where there is a reset transistor (31 ) for resetting the 
photodiode to a predetermined voltage, a floating diffusion region (30), where the 
transistor is a transfer transistor (28) for transferring charge from the photodiode to the 
floating diffusion region and where the photodiode is part of a CMOS image sensor (see 
Abstract). It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Chu to include the features of Rhodes to provide a fully 
operational low cost device. 
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Regarding claim 18, Chu discloses the pixel cell of claim 1 . Chu fails to disclose 
where the photodiode is part of a charge coupled device image sensor. Rhodes teaches 
using photodiodes as part of a charge coupled device image sensor (see Col 1). It 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to modify Chu to have a silicon-on-insulator substrate like Rhodes to provide for 
image acquisition for small sized imaging applications. 

Regarding claim 19, Chu discloses the pixel cell of claim 1 . Chu fails to disclose 
the substrate as silicon-on-insulator. Rhodes discloses a pixel cell where the substrate 
is a silicon-on-insulator substrate (col 6 lines 46-50). It would have been obvious to one 
of ordinary skill in the art at the time the invention was made to modify Chu to have a 
silicon-on-insulator substrate like Rhodes to improve device isolation between devices 
on the substrate. 

Re Claim 20: Chu discloses a pixel cell for an image sensor, the pixel cell 
comprising: 

a photodiode (Fig 4A, area corresponding to electrodes 11) formed within a 
substrate (1) and below an upper surface thereof, 

the photodiode comprising at least two of a first layer (35) comprising a first 
material (Sii- x Ge x ) and at least two of a second layer (36) comprising a second material 
(Sii_ z Ge z ), 

wherein the first layers are not in direct contact with one another and the second 
layers are not in direct contact with one another, and 
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wherein the layers are configured such that a difference between the conduction 
band energies of the first and second materials and a difference between the valance 
band energies of the first and second materials promotes ionization by a first carrier 
type and suppress ionization by a second carrier type in the presence of an electric field 
(band gap energies are shown in Fig 4B and would create ionization and suppression of 
carriers) and wherein the first layers are alternated with the second layers; 

a gate (1 2) of a transistor (1 5) adjacent to the photodiode, the transistor for 
transferring the amplified charge from the photodiode; and 

a graded buffer layer (2) beneath a bottom layer of the photodiode. 

Chu fails to disclose an array of pixel cells at a surface of a substrate, wherein at 
least one of the pixel cells comprises the photodiode. Rhodes teaches an array of pixel 
cells at a surface of a substrate, wherein at least one of the pixel cells comprises the 
photodiode. It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify Chu to include the features of Rhodes to provide a fully 
operational low cost device. 

Re claims 21-22: Chu discloses the pixel cell as above wherein the at least two 
first layers and the at least two second layers are formed of a material selected from the 
group consisting of Si, Si x Gei- x , Si x Gei- x C y , GaAs, GaAIAs, InP, InGaAs, or InGaAsP 
and wherein the first layer is Si and the second layer is SiGe (Si x Gei- x and Sh- z Ge z 
U0039). 

Re claim 25: Chu discloses the pixel cell as above wherein the first layer is 
Si x Gei- x and the second layer Si y Gei- y (Si x Gei- x and Sii- z Ge z 1J0039). 
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Re claim 27, Chu discloses the pixel cell as above, wherein the photodiode 
comprises approximately 10 to approximately 100 layers (8 shown in Fig 4A and 8 is 
considered as approximately 10). 

Regarding claims 28-29, Chu as modified by Rhodes discloses the pixel cell of 
claim 20. Chu fails to disclose where there is a reset transistor for resetting the 
photodiode to a predetermined voltage, a floating diffusion region, where the transistor 
is a transfer transistor for transferring charge from the photodiode to the floating 
diffusion region . Rhodes further teaches a photodiode (Fig 5, 24, for example) where 
there is a reset transistor (31) for resetting the photodiode to a predetermined voltage, a 
floating diffusion region (30), where the transistor is a transfer transistor (28) for 
transferring charge from the photodiode to the floating diffusion region. It would have 
been obvious to one of ordinary skill in the art at the time the invention was made to 
modify Chu to include the features of Rhodes to provide a fully operational low cost 
device. 

Regarding claims 30-31, Chu as modified by Rhodes discloses the pixel cell of 
claim 20. Chu fails to disclose the pixel cell further comprises readout circuitry 
connected to a floating diffusion region for reading out charge and further comprising 
circuitry peripheral to the array, the peripheral circuitry being at a surface of the 
substrate wherein the substrate is silicon-on-insulator substrate. The modification of 
Rhodes further teaches the pixel cell further comprises readout circuitry (36, 38) 
connected to a floating diffusion region (30) for reading out charge and further 
comprising circuitry peripheral to the array, the peripheral circuitry being at a surface of 
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the substrate wherein the substrate is silicon-on-insulator substrate (col 6 lines 46-50). 
It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify Chu to include the readout circuitry and have a silicon-on-insulator 
substrate like Rhodes to provide a fully operational low cost device and to improve 
device isolation between devices on the substrate. 

Re Claim 32: Chu discloses a pixel cell for an image sensor, the pixel cell 
comprising: 

a photodiode (Fig 4A, area corresponding to electrodes 11) formed below an 
upper surface of a substrate (1 ), 

the photodiode comprising at least two layers of Si (35, Sii- x Ge x ) alternating with 
at least two layers of Sii. x Ge x (36, Sii- z Ge z ), 

wherein the Si layers are not in direct contact with one another and the Sii. x Ge x 
layers are not in direct contact with one another, and 

wherein the layers are configured to promote ionization by a first carrier type and 
suppress ionization by a second carrier type in the presence of an electric field (band 
gap energies are shown in Fig 4B and would create ionization and suppression of 
carriers) and wherein the first layers are alternated with the second layers; 

a gate (1 2) of a transistor (1 5) adjacent to the photodiode, the transistor for 
transferring the amplified charge from the photodiode; and 

a graded buffer layer (2) beneath a bottom layer of the photodiode. 

Chu fails to disclose an array of pixel cells wherein at least one of the pixel cells 
comprises the photodiode. Rhodes teaches an array of pixel cells at a surface of a 
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substrate, wherein at least one of the pixel cells comprises the photodiode. It would 
have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Chu to include the features of Rhodes to provide a fully operational low cost 
device. 

Re Claim 35: Chu discloses a pixel cell for an image sensor, the pixel cell 
comprising: 

a photodiode (Fig 4A, area corresponding to electrodes 11) formed below an 
upper surface of a substrate (1 ), 

the photodiode comprising at least two layers of Si (35, Sii- x Ge x ) alternating with 
at least two layers of Sii- x Ge x (36, Sii- z Ge z ), 

wherein the Si layers are not in direct contact with one another and the Sii. x Ge x 
layers are not in direct contact with one another, and 

wherein the layers are configured to promote ionization by a first carrier type and 
suppress ionization by a second carrier type in the presence of an electric field (band 
gap energies are shown in Fig 4B and would create ionization and suppression of 
carriers) and wherein the first layers are alternated with the second layers; 

a gate (1 2) of a transistor (1 5) adjacent to the photodiode, the transistor for 
transferring the amplified charge from the photodiode; and 

a graded buffer layer (2) beneath a bottom layer of the photodiode. 

Chu fails to disclose a processor, an image sensor coupled to the processor, the 
image sensor comprising an array of pixel cells wherein at least one of the pixel cells 
comprises the photodiode and a floating diffusion region electrically connected to the 
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transistor and readout circuitry electrically connected to the floating diffusion region. 
Rhodes teaches a processor (see Fig 14), an image sensor coupled to the processor, 
the image sensor (See Fig 14) comprising an array of pixel cells (see Fig 2) wherein at 
least one of the pixel cells comprises the photodiode (See Fig 5, 24) and a floating 
diffusion region (see Fig 5, 30) electrically connected to the transistor (28) and readout 
circuitry (36, 38) electrically connected to the floating diffusion region. It would have 
been obvious to one of ordinary skill in the art at the time the invention was made to 
modify Chu to include the features of Rhodes to provide a fully operational low cost 
device. 

Re claim 36-37: Chu as modified discloses the pixel cell as above. Chu further 
discloses wherein a difference between the conduction band energies of the first and at 
least second layer is greater than a difference between the valence band energies of 
the first and at least second layer and such that a difference between the valence band 
energies of the first and at least second layer is greater than a difference between the 
conduction band energies of the first and at least second layer (see Fig 4B). 

Re Claim 55: Chu discloses a pixel cell for an image sensor, the pixel cell 
comprising: 

a photodiode (Fig 4A, area corresponding to electrodes 1 1) for generating charge 
in response to light and for amplifying the generated charge, the photodiode being 
formed within a substrate (1) and below an upper surface thereof and comprising at 
least two of a first layer (35) having a first band gap (band gap corresponding to 
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material of Sii- x Ge x ) and at least two of a second layer (36) having a second band gap 
(band gap corresponding to material of Sii- z Ge z ), 

wherein the first layers are alternated with the second layers, wherein the first 
layers are not in direct contact with one another and the second layers are not in direct 
contact with one another, and 

wherein the at least two first layers and the at least two second layers are 
configured to promote ionization by a first carrier type and suppress ionization by a 
second carrier type in the presence of an electric field (band gap energies are shown in 
Fig 4B and would create ionization and suppression of carriers) 

a gate (1 2) of a transistor (1 5) adjacent to the photodiode, the transistor for 
transferring the amplified charge from the photodiode. 

Chu fails to disclose the photodiode being formed within a trench in the 
substrate. Rhodes teaches a photodiode (Fig 5, 24) in a trench within a substrate. It 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to modify Chu to include the trench as taught by Rhodes in order to improve 
efficiency of the photodiode (see Rhodes col 10 lines 12-30). 

Claims 23-24. 26 and 33-34 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Pub. No. 2002/0171077 to Chu et al. (Chu) in view of U.S. Pat. 
No. 6,232,626 to Rhodes and U.S. Pat. No. 5,818,322 to Tasumi. 

Regarding claims 23-24, Chu as modified discloses the pixel cell as above 
including wherein the photodiode comprises at least four layers of Si and at least four 
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layers of SiGe (shown in Fig 4A). Chu as modified fails to disclose wherein the layers of 
Si are doped to a first conductivity type and wherein the layers of SiGe are doped to a 
second conductivity type. 

Tasumi discloses where the layers of Si are doped to a first conductivity type and 
the layers of SiGe as taught by Tasumi are doped to a second conductivity type (col 5 
lines 66-67 and col 6 lines 1 -32). It would have been obvious to one of ordinary skill in 
the art at the time the invention was made to have the layers of Si are doped to a first 
conductivity type and the layers of SiGe as taught by Tasumi in order to improve device 
characteristics, such as enhancing absorption and speed of the image sensor and 
reducing dark current. 

Regarding claims 26, Chu as modified discloses the pixel cell as above. Chu 
fails to disclose where the first layer is Si x Gei- x Cy and the second layer is Si x Ge y C z . 
Tasumi discloses the pixel cell where the first layer is Si x Gei- x C y and the second layer is 
Si x Ge y C z (col 3 line 63). It would have been obvious to one of ordinary skill in the art at 
the time the invention was made to have the first layer as Si x Gei- x C y and the second 
layer as Si x Ge y C z as in Tasumi in order to improve device characteristics, such as 
enhancing absorption and speed of the image sensor and reducing dark current. 

Re Claims 33-34: Chu fails to disclose where x is approximately 0.5 and wherein 
the layers of Si are doped to a first conductivity type and wherein the layers of Si x Gei- x , 
are doped to a second conductivity type. Tasumi teaches a photodiode structure 
(Figures 1A-1C element 2) with alternating layers of Si and Si x Gei- x , (col 3 line 63) 
where x is 0.6 (col 1 line 32) which is approximately 0.5 formed in the groove (4) of the 
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photodiode. Tasumi also teaches the layers of Si are doped to a first conductivity type 
and the layers of SiGe as taught by Tasumi are doped to a second conductivity type (col 
5 lines 66-67 and col 6 lines 1-32). It would have been obvious to one of ordinary skill 
in the art at the time the invention was made to include the doping as in Tasumi in order 
to improve device characteristics, such as enhancing absorption and speed of the 
image sensor and reducing dark current. 

Response to Arguments 

Applicant's arguments with respect to claims 1-3, 5-13, 15-27 and 55 have been 
considered but are moot in view of the new ground(s) of rejection. 

The Examiner notes regarding the claim recitation in Claim 7 of "wherein the 
layers of Si are doped to a first conductivity type and wherein the layers of SiGe are 
doped to a second conductivity type" does not necessitate the doping of the second 
conductivity type to be of opposite that of the first conductivity type. Claims 8, 23 and 
24 and 33-34 have similar recitations. The applied prior art of Tasumi teaches boron as 
the dopant for the first conductivity type (interpreted as p-type) and the second 
conductivity type (interpreted as p-type), which reads on the claimed limitation of a "first 
conductivity type" and a "second conductivity type" because the claim language does 
not necessitate the conductivity types being differ. The prior art of Tasumi would not 
satisfy claim language specifying the layers including dopant of opposite conductivity as 
disclosed in the Specification paragraph [0049]. 



Conclusion 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Colleen A. Matthews whose telephone number is 
(571)272-1667. The examiner can normally be reached on Monday - Friday 8AM- 
4:30PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lynne Gurley can be reached on 571-272-1670. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Colleen A Matthews/ 
Examiner, Art Unit 2811 



